
AD-A140 615 0ISTNRUTIONS OF AURORA AND IONOSPHERIC CURRENT S/
OBSERVED SIMULTANEOUSLY O..(U) IOWA UNIV IOWA CITY DEPT
OF PHYSICS AND ASTRONOMY d D CRAVEN ET AL. AUG 83

UNCLASSIFIED U. OF IOWA-83-26 N OOU4-TB-C-0O16 F/G 4/ NL

mahmoEEImiEEI
EIEEllEEEEEllIIN



11111 11.64

1111.25 111.4 mi6

-~ MICROCOPY RESOLUTION TEST CAT

NAVWNAA. BUREAU OF STANDARDS 1963-A



'a -

ID 1

in bo orinpu is pmiad for my pp of &

ELECo

I Depsrtnt of Pbysics and Astronomy

-- THE UNIVERSITY OF IOWA

Iowa Cily~t, Iw _ _ _ _



U. of Iowa 83-26

DISTRIBUTIONS OF AURORA AND IONOSPRERIC

CURRENTS OBSERVED SIMULTANEOUSLY ON A

GLOBAL SCALE

by

J. D. Cravenl, Y. KamIide2, L. A. Frankl,

S.-I. Akasofu3 and M. SugIura4

1lmepartment of Physics and Astronomy

The University of Iowa, Iowa City, Iowa 52242

2Kyoto Sangyo University
Kamigamo, Ki ta-ku
Kyoto 603, Japan

3Gsophysical Institute

The University of Alaska, Fairbanks, Alaska 99701

haboratory for Extraterrestrial Physics
Goddard Space Flight Center
Greenbelt, Maryland 20771 D

DearmetAugust 1983 S MAY 1 064D
Depatmen ofPhysics and Astronomy

The University of Iowa A
Iowa City, ILoma 52242

T6 be published In !Mtopherc Currents
AGO GpyiMoogr~ap bbee AP3 0



Abstract

The instantaneous spatial distribution of auroral emissions is observed

with auroral Imaging photometers on board the spacecraft Dynamics kplorer 1

(DI 1) as ground-based meridian chains of usgnetometere simultaneously detect

the magnetic signatures of ionospheric and field-aligned currents flowing at

northern polar latitudes. Ionospheric conductivities at nighttime auroral

latltudes are estimated from the measured auroral luminosities and used with

the measured polar magnetic variations to compute model distributions of

Ionospheric and field-aligned currents. Temporal resolution for the

coordinated observations and model calculations is 12 minutes. Model

Ionospheric and field-aligned current distributions are overlayed on global

auroral imags to Illustrate spatial relations on a global scale at the

mdamis epoch of -- auroral substorm. Zecentric-dipole-latitude and

sagnetic-local-time coordinates are used. A model field-aligned current

distribution is compared quantitatively with the distribution of fleld-aligned

currents Inferred from eimaltaneous observations by the D-2 magnetometer.
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Introduction

A small number of umteorologlcal spacecraft are able to monitor

significant portions of the terrestrial atmosphere on a continuous basis

through the use of remote-sensing instrumentation at visible and infrared

wavelengths. When combined with local and remote observations gained by a

distribution of ground- and aircraft-based instruments, an extensive data base

is available for investigations of atmospheric dynamics on a global scale. A

similar capability does not exist in sagnetospheric studies as significant

portions of the magnetosphere can not be sampled by remote-sensing instruments

and because the fiscal and technical requirements would be immense to install

and operate a widely distributed spacecraft network within and about the

extensive magmetopheric cavity. A program less comprehensive then that in

meteorology is in place, however. The magnetosphere is sampled routinely by a

smell nmer of earth-orbiting spacecraft (e.g., IDW 8; LUZ 1,2; Dynamics

Explorer 1) through measurements of local plasma and plasua-wave environments,

and of local electric and munetic fields. Distant plasma-wave source regions

are Identified by direction finding techniques and Images of the aurora are

gained at visible and ultraviolet wavelengths. Remote sensing of the aurora

on a global scale provides direct observations of the inner boundary of the

meguanetospheric system at the Ionosphere. Below this interface at ground level

widely distributed observations are (or can be) made to monitor physical

parameters of that boundary (e.g., electron densities, drift speeds,

ionospheric currents and auroral emissions).
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The geometric configuration of the near-earth magnetosphere is

determined primarily by the earth's magnetic field while the configuration of

the more distant magnetosphere is determined in large part by current systems

established in response to the incident solar-wind plasmm and the induced

electric field. A principal objective of magnetospheric physics is the

identification of these current systems and their responses to variations in

the interplanetary environment. Surprisingly, gross current patterns within

the distant magnetosphere identified to date are largely inferred from the

magnetic field configuration, and not from direct measurements of the current

carriers. Recent new measurements within the distant magnetosphere [Frank at

al., 19831 provide direct observations of these currents.

At much lower altitudes (typically 4 RZ) magnetically field-aligned

currents are routinely identified at high latitudes by direct detection

of the charge carriers and Indirectly by mans of magstometers [e.g., Sugiura

et &l., 19831. The principal charge carriers for outwardly directed currents

appear to be the energetic electrons responsible for auroral optical radiation

and enhanced ionization within the Ionosphere. Typical energies vary from

hundreds of electronvolts to tens of kiloelectronvolts. Direct detection of

charge carriers responsible for the Inwardly directed currents continues to

challenge investigators. The spatial distributions of ionospheric electric

fields and the enhanced ionospheric conductivities direct ionospheric currents

along and across the auroral regions. At ground level the horisontal

component of this current (the auroral electrojet) is readily detected by its

magnetic signature. Ground level detection of magnetic fields arising from

magnetically field-aligned closure currents to and fro, the disrant

megnetoephere is more difficult. Recently developed advanced computer codes

ask. possible the approximate determination of the large-scale distributions

of these field-aligned currents [Akasofu et al., 19611.
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Analysis of ground-based and low-altitude spacecraft observations

provided the early average global views of the high-latitude regions. The

distributions of magnetic perturbations from the auroral electrojets [Silsbee

and Vestine, 1942; Harang, 1946], of the optical aurora [Feldstein, 19631 and

of fleld-aligned currents above the auroral zones [Zauda and Armstrong, 19741

demonstrate the presence of intense current system with a complex continuity

in local time and a confinement to a small range of latitudes generally

referred to as the auroral latitudes. Imaging instrumentation on board the

1SS-2 and ENSP spacecraft have confirmed the complex distributions of auroral

emissions in local time at visible and near-infrared wavelengths by providing

views of significant portions of the auroral zones [e.g., Anger et &1., 1973;

Snyder at al., 19741 and of the full auroral region [Murphree and Anger,

1980]. Orbital periods of - 100 minutes determine the basic temporal

resolution for observations with these optical instruments. This time

interval is long in comparison to time scales for meet temporal variations in

auroral phenomena.

A dynamical description of auroral phenomena on a global scale was developed

in the early 1960's from the extensive library of all-sky auroral photographs

obtained during the Tnternational Geophysical Year [Akasofu, 1964). While the

initial models were based upon collections of observations, each covering a

small portion of the uroral region, more refined later models have been based

upon individual 3M6P and ISIS-2 images of significant fractions of the auroral

regions. Photo-mosaics of all-sky and M15 photographs are used frequently to

illustrate the several stages of auroral activity in the substorm mdal [see

Chapter 2 of hkasofu, 19771.
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Dynamics of the auroral electrojet current systems have been investigated

with chains of magnetometers distributed In latitude along magnetic meridians

[e.g., Misabeth, 19791. The six meridian chains of more than 70 magnetometer.

assembled for the International Magnetospheric Study (DIS) represent the most

comprehensive investigation from the ground to date of auroral magnetic

phenomena. Kamide et al. [19821 have developed computer algorithms which use

these extensive observations to determine ionospheric electric fields,

currents and Joule-heating rates, and the magnitudes of field-aligned currents

towards and away from the ionosphere. Temporal resolutions of several minutes

are obtained by amide and coworkers.

This greatly increased temporal resolution exceeds that of nearly all

other available global msgntospheric observations, but effective utilization

has been hampered in part by the lack of simultaneous determinations of

ionospheric conductivities with comparable temporal resolution. What have

been used are conductivity distributions based upon average particle

precipitation patterns as a function of magnetic activity. The application of

these average conductivity models in the algorithin of Kamide et al. [19811 is

discussed by Kamide et al. [19821. Conductivities arising from ultraviolet

insolation are calculated for standard model upper atmospheres.

With the launch of the spacecraft Dynamics Explorer 1 in August 1981

[Hoffman et al., 19811 global auroral Imaging has become available at visible

and ultraviolet wavelengths with temporal resolutions of 12 minutes [Frank et

al., 19811. This ability to determine the distributions of auroral emissions

with good spatial and temporal resolution at three wavelengths, slmultan-

eously, provides a unique opportunity to obtain improved ionospheric

conductivities on a global scale. Additionally, auroral Imaging provides
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Indirect observations of field-aligned currents directed out of the ionosphere

at auroral and polar-cap latitudes due to precipitating auroral electrons.

The availability of accurate nodels for the Instantaneous ionospheric and

fleld-aligned current systems at the ionospheric boundary of the magnetosphere

can provide an additional, significant tool for studies of the dynaumce of

magnetoepheric current systm. Several correlative investigations outlined

in Figure I are being developed, with the triad of investigations using ground

and near-earth observations the subject of this paper.

- I
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Observations

For this investigation magnetic records are presently available from 34

ground magnetomater stations. These stations are identified in Table I and

their eccentric-dipole coordinates [Cole, 19631 tabulated. The spatial

distribution of the stations in an eccentric-dipole-latitude, magnetic-local-

time format is Illustrated In Figure 2 to identify those portions of the polar

region for which ground observations are available. The local-time distribu-

$tion is given for 0610 UT. Good spatial coverage is available from the

magnetic pole to - 65" latitude over a 12-hour interval of local time, and

then to - 55" latitude over a 6-hour interval, each centered near local

midnight. In each case the largest concentration of stations is found at the

earlier local times. The Scandinavian chain of stations is located at

approximately 0800 hours local time.
t

Magnetic records from analog-recording stations are digitized at the
University of Alaska's Goophysical Institute and combined with digitally

recorded data to provide a data base of magnetic perturbation vectors

referenced to quiet auroral conditions with one minute temporal resolution.

These data are used by Kalde et al. [1981] to compute model ionospheric and

field-aligned current system. The perturbation vectors are also used to

compute the auroral electrojet index AZ(34) with which magnetic substorn

activity is characterized on a global scale.

Optical Images of the northern polar region are gained simultaneously at

visible and ultraviolet wavelengths with auroral Imaging instrumntation

carried on the polar-orbiting spacecraft Dynamics Explorer 1 (Frank et al.,

19811. A combination of high apogee altitude (3.65 Ug) and an initial apogee

latitude near 90* provides up to 5 hours of continuous auroral imaging for

Door--
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each 6.83-hour orbit. By means of a method described by Kamide et al. [19831

these auroral images can be used to infer height-integrated ionospheric

conductivities over the entire polar region with 12-minute time resolution.

Ionospheric Currents

Ionospheric currents are computed for an intense auroral substorm with an

onset time of - 0700 UT on 8 November 1981. The AK index is - 220 nT at the

onset and increases to - 1000 nT by the maximum epoch of the substorn at

- 0850 UT. A steady decrease in the AE index follows, reaching - 150 nT by

- 1020 UT.

Global auroral activity during this magnetic substors displays a

corresponding increase to maximum intensities by - 0850 UT, followed by

decreases in the following hour. This temporal behavior is displayed in Plate

1 by a sequence of 12 consecutive auroral Images in false color spanning the

time interval 0719 to 0945 UT. The first image at upper left in the plate

presents the spacecraft view of earth from 69' north latitude in the early-

morning sector. With tie the spacecraft proceeds from apogee inbound across

the north pole (fifth frame at 0807 UT) and into the mid-evening sector. The

universal time (UT) assigned to an image identifies the time at which the

12-minute Image period begins. For this sequence each 300 X 300 nadir-

centered imae is a record of the emission intensities of ultraviolet light

observed at wavlengthe 120 to 155 -s. The geocorona is visible in the

scattered light of solar Lymen-a radiation at upper left In the images,

suward of the dayside limb. Antisunward of the terminator the entire auroral

region is detected, principally in the light of neutral atomic oxygen at 130.4

and 135.6 un.
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Acquisition of the first frame in the plate Is initiated at 0719 UT as

magnetic activity is just beginning to increase. The AE index is - 240 nT.

By the fifth frame at 0807 UT the AS index exceeds 600 nT, and is - 1000 nT by

the maximum epoch of the substor at - 0850 UT (eighth frame). Throughout

this interval auroral emissions increase steadily in brightness and

latitudinal width. There Is a fiarked polevard displacement at local midnight

during the maxim= epoch of the substorm. Images at 0856, 0908 and 0920 UT

(ninth through eleventh frames) reveal that during the declining phase of

magnetic activity a discrete arc along the nightside edge of the polar cap is

replaced by a diffuse band of emissions. A system of discrete arcs reappers

at 0932 UT (twelfth frae). Diffuse aurora are visible at more equatorward

latitudes throughout the period.

Height-integrated conductivities are inferred from these auroral Images

in the manner described by Kamide et al. [19831. A smuoothed Pedersen

conductivity distribution for this substorm at maximum epoch (0844 - 0856 UT)

Is shown in Plate 2 superposed over the original auroral image which is

displayed in a false-color format. Lght blue denotes emission intensities of

2 kR, with greater intensities coded by green, yellow, red and white (Q 32

kR). The conductivity distribution and auroral image are presented in

eccentric-dipole-latitude, magnetic-local-time coordinates. A latitude of 50*

is identified by the outer circle and concentric circles of smaller radii

denote latitudes of 60, 70* and 80% The maximum conductivity of - 32 mhos

is located at - 63" latitude and - 0100 hours local time. Hall conductivities

are assumed to be twice the Pedersen conductivities. Nagnetic perturbation
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vectors for the 12-minute interval are obtained for each of the 34 ground

stations by averaging the 12 samples obtained the 0844 to 0856 UT time

interval. A model ionospheric current system is derived tith the computer

algorithm of faide et al. [19811 using the inferred conductivity distribution

and the 34 magnetic perturbation vectors. This current system is dijplayed in

Plate 3 using the format of Plate 2. Recalling the spatial distribution of

ground stations illustrated in Figure I for 0610 UT, the 12-hour range of

local times to 65" latitude and the 6-hour range to 55* are centered near 0230

hours local time. Within this 12-hour local time sector the latitude of

maximum model westward electrojet current decreases monotonically from 69*

eccentric dipole latitude at - 0830 hours local time to 66' at - 2030 hours

local time. The latitude of maximum current lies near the poleward edge of

maximum auroral intensities associated with the diffuse aurora (excluding the

local enhancement in intensities at - 0030 hours and 69'). Width of the

westward electrojet decreases from 1 10' in the morning sector to - 50 in the

late-evening sector. Maxium ionospheric currents range from 1.1 A/m at 0600

hours to 0.75 A/m at 2200 hours local time. A second westward electrojet near

local midnight and - 76' is coincident with the most poleward arc of the

expanding auroral bulge. A weak eastward electrojet is computed near local

midnight and equatorward of - 60. Westward currents in the morning sector at

latitudes below 60' are coincident with aurora of intensities less than the

2-kR threshold used in displaying the image.

a _ _I II _ m
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Field-Aligned Currents

A model field-aligned current distribution is obtained by computing the

divergence of the ionospheric current distribution. The field-aligned current

distribution for maximum epoch in the substorm is presented in Plate 4. The

format is identical to that used for the two previous plates. The most

striking features of this current distribution are the numerous cells of

Inwardly (solid lines) and outwardly (dashed lines) directed currents

concentrated within the polar cap. Maximum current densities are - 1.5 UA/m 2 .

No aurora of intensities greater than - I kR are detected within the polar cap

which can be associated with these model cells of field-aligned currents.

At the latitudes of maximum intensities in the diffuse aurora the

predominant feature of the model current system is a S' - 8" wide distri-

bution of outwardly directed currents with typical densities - 0.6 UA/m2 in

the pre-midnight and post-dawn local-time sectors. These distributions are

coincident in latitude with the diffuse aurora but are not coincident in local

time with the locations of maximum auroral intensities. The minimum current

density contour in this plate is 0.3 pA/r2 . The current distribution for the

previous 12-minute interval, with a minimum current density contour of 0.1

uA/u 2 , demonstrates more clearly that outward currents in excess of 0.2 pA/u 2

are present at latitudes 60" - 70" over a large range of local times. Within

the 0000 to 0300 hour local time sector inward currents of the order of 0.2

isA/u 2 are computed for these latitudes. This current distribution is a

low-latitude extension to earlier local times of a more intense model current

distribution centered at 71" and 0500 hours. In the morning sector the

distributions of outward currents are displaced equatorward of the westward

electrojet by - 3 degrees, and are nearly coincident in the late-evening

seetor.

sIa _L
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Comparison with DE-2 Observations

Further analysis of the model field-aligned current distributions is

gained through comparisons with simultaneous observations from low-altitude

spacecraft magnetometers. An example of available simultaneous observations

is found in the interval from 0603 to 0619 UT on 7 November 1981 when the DE-2

spacecraft passed over the D/S Scandinavian magnetometer chain, proceeded

across the polar cap and then crossed over Alaska. A mapping of this portion

of the DE-2 orbit along the magnetic field to an altitude of 100 km is

displayed in Figure 2. Local times for this spatial distribution of ground

magnetometers and the orbit mapping are determined for 0610 UT, when the

spacecraft Is traversing the polar-cap region midway between auroral zone

crossings at 0800 and 1800 hours local time. An auroral substorm occurring in

the period 0440 - 0600 UT has been discussed previously by Kamide et al.

[19831. The DE-2 polar crossing occurs at the end of this substor as a

system of intense arcs is brightening in the evening sector and advancing

poleward. Auroral intensities in the morning sector near 0800 hours local

time remain diffuse and weak by comparison (see Plate I of Kaide et al.,

[19831).

Sumaries of the observations with the DE-2 magnetometer, the 34 ground

magnetometers and the D1-1 auroral imaging instrumentation are presented In

Figures 3 and 4. Observations In the morning (evening) sector are presented

in Figures 3 (4). Observed deviations of the horizontal component of the

geomagnetic field perpendicular to the D-2 orbit plan* are shown in the upper

panel of each figure. Smaller deviations parallel to the orbit plans are

ignored in this analysis. Assuming a distribution of infinite field-aligned

current sheets tangential to the geomagnetic dipole L shells, current

A _ __,_ _____ • -- _ ___ ___ ___
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distributions are computed from the observed magnetic perturbations. The

magnitudes and directions of these computed current distributions are shown in

the second panel of each figure. Current directions are specified with

respect to the ionosphere. The magnetic perturbations and inferred current

densities are plotted as functions of time. Eccentric dipole latitudes at

significant locations are mapped from the abscissas by dashed lines.

Simultaneously with the DE-2 crossings of the auroral field lines in the

morning and then the evening sectors, the DE-1 auroral imagers measured

auroral emission intensities at the ionospheric intersections of the DE-2

magnetic field lines. A slant angle of - 40* and a large radial distance to

the weaker morning-side aurora results in separations of - 10 in latitude

between consecutive pixels in an image scan line. In the evening sector the

separations are - 0.4. The auroral luminosities are plotted in the lower

panel of each figure. The errors in determining the geographic and then

geomagnetic coordinates of a pixel are less than the angular width of a

pixMl.

Model fleld-aligned current distributions hve been determined from ground

* magnetometer observations in the time intervals 0605 - 0607 UT and 0616 - 0618

UT for concurrent observations with the DE spacecraft in the morning and

evening sectors, respectively. From the resulting current density contours of

the form illustrated in Plate 4, current densities are determined along the

DE-2 orbit track. These current-denslty profiles are presented in the third

panels of the two figures. Ground magnetometer stations near the DE-2 ground

track are identified by number from Table 1.

... I
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In the morning sector (Figure 3), fleld-aligned currents with densities

in excess of - 1 UA/u2 are detected with DE-2 at latitudes 690 to 72.60. The

lowest latitude current sheet is located at 69*, with current densities of 6-8

UA/u2 directed out of the ionosphere. Poleward at 69.5* and 71* inward

currents with peak current densities of 10 and 8 UA/m 2 are detected. In the

evening sector (Figure 4) an upward current is located at the poleward edge of

the auroral zone coincident with greatly increased optical emissions of - 6

kR. An untimely data gap prohibits accurate computation of currents densities

equatorward of this intense (- 9 uA/m2) outward current, but the magnetic

perturbations on either side of the data gap establish the presence of an

Inward current equatorward of the outward current. Multiple current sheets

with smaller densities are observed at more equatorward latitudes. The

spatial distribution in the morning (evening) sector of inward (outward)

j currents is in agreement with previous spacecraft observations (e.g., lijima

and Patenta, 19761.

This direct comparison with spacecraft observations illustrates clearly a

difficulty inherent in models of global field-aligned current distributions

which are based upon a widely spaced distribution of ground magnetosters:

the field-aligned current sheets have latitudinal widths and separation

distances which are small compared to the resolutions provided by the

distributions of ground magnetometers and the computational schemes. These

modeled current distributions my provide smoothed, average values for the

large scale features, but cannot resolve the observed multiple current sheets

with adjacent, oppositely directed currents.

t IN
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In the evening sector (Figure 4) four ground stations are located at

latitudes for which 1-2 RA/ 2 field-aligned current densities are detected

with DI 2. The most poleward station (Barrow, #16) is located - 1.5*

equatorward of the intense upward current sheet at - 73" for which the current

sheet intensity is - 0.3 A/u, and - 1 from the inferred downward current

sheet for which the estimated current sheet intensity is - 0.1 A/u. These

current sheets provide a net upward current intensity of - 0.2 A/u which is

the principal source of field-allgned currents near the Barrow ground station.

The current sheet intensity computed from the model current densities at

latitudes 70" - 73" is - 0.1 A/u, upward, in reasonable agreement with the

DZ-2 observation, but the sheet is located - 1.5" equatorward of the current

sheets observed with iM 2. The absence of a ground station poleward of 730

precludes Improved spatial agreement. The large inwardly directed currents

poleward of 730 are nouphysical artifacts of the model solution.

In the morning sector (Figure 3) only one ground station (Bjornoya, #18)

is located within the latitudinal rangs of significant field-aligned currents.

Intensities of the four principal current sheets nearest the ground station

are approximately 0.3 A/m outward and 0.2 A/u inward at - 69.2* and 0.15 A/u

Inward and 0.05 A/m outward at - 70.6% The net current intensities at the

two latitudes are approximately 0.1 A/u outward and 0.1 A/u inward,

respectively. The magnitudes of the current sheet intensities computed by the

model for outward currents (570 -67*) and inward currents (67* - 77') are each

0.1 A/u. bile these values for average current sheet intensities compare

favorably with the observed values, a comparison of the spatial distributions

indicates little agreement.

m - -
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Conclusions

Determination of the simultaneous distributions of the aurora and

ionospheric currents on a global scale as a function of time with good

temporal resolution will provide a new tool for studies of magnetospheric

current systems. The auroral image* provide a means of obtaining improved

conductivity models for polar latitudes which can be used with advanced

computer codes to obtain the distributions of ionospheric and field-aligned

currents. The images also provide an indirect monitor of currents carried by

precipitating auroral electrons.

Spatial resolutions with the network of ground mgnetometers and the

computational schemes are too coarse to resolve discrete, nltiple current

sheets present at auroral latitudes. These discrete current structures are

observed only by in situ spacecraft observations. Houmver, such observations

reveal only local conditions at one instant in time, while the objective is to

develop global-scale dynamic models which describe the average current systems

at the magnetosphere's Ionospheric boundary [e.g., Harel et a., 19811. These

models are a necessary part of the larger goal to obtain comprehensive dynamic

4 odels for the magnetospheric current systems. The in situ spacecraft

observations are Important to the development of these models by determining

absolute sgnitudes and latitudinal distributions of current sheet intensities

whose averages should be described correctly by the models. The comparisons

with DZ-2 observations presented here demonstrate that the average sheet

intensities can be obtained with the models. The latitudinal widths are

comparable to the statistically determined distributions [e.g., Zijime and
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Poteura, 19761. Further Improvements to the mathematical models may require

the a posterlorl inclusion of multiple current sheets. Correlative

investigations with the two DR spacecraft of the spatial distributions of

current sheets and aurora can provide necessary new information.

Large-scale current structures appear to be resolved with the present

distribution of ground stations. Typical latitudinal widths for the auroral

electrojets are comparable or greater than the differences in latitude between

many adjacent ground stations. The electrojet's great extent in longitude and

slow variation in latitude with local time further improve the determination

of aveirage magnitude, width and latitude. For the example provided in Plate 2

at maximum epoch in the substors, the auroral electrojet follows the poleward

edge of the diffuse aurora for the entire 12-hour local time Interval covered

by ground stations. Resolution is adequate to identify an alectrojet at the

poleward edge of the expending auroral bulge approximately 10' poleward of the

diffuse aurora.

Large-scale current structures of the polar cap should also be resolved,

in particular during periods of enhanced auroral activity when discrete

polar-cap aurora are not present. Present difficulties include polar-cap

conductivity models, the smeller current densities of the polar-cap current

system snd nonphysical model solutions in areas not adequately sampled by

ground stations.

6:
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Table 1. Eccentric-Dipole Coordinates

of the Ground Magnetometers

No. Station Name Longitude Co-Latitude

I Resolute Bay 311.52 6.70
2 Yellovknif. 294.13 20.38
3 Fort Churchill 323.00 22.47
4 Great Whale River 344.79 25.74
3 Cabridge Say 301.74 12.96
6 Baker lake 318.76 17.07
7 Meanook 299.66 28.07
8 St. John's 13.97 34.64
9 Ottawa 347.05 35.41
10 Mould Bay 262.58 8.27
11 Victoria 289.96 35.32
12 Alert 101.04 3.53
13 Glea 320.80 31.75
14 Igloolik 340.49 11.68
15 Tromo 98.44 24.12
11; Barrow 236.07 18.35
17 Ny Alesund 107.29 15.18
18 ljornoya 104.11 19.80
19 Thule 22.55 4.54
20 Odessa 96.98 47.61
21 tairvogur 56.90 22.97
22 harssaresuaq 27.93 22.58
23 Cape Cbelyuskin 159.85 21.62
24 Cape Wellen 230.37 25.17
25 Leningrad 101.57 34.96
26 Godhavn 25.46 13.78
27 Newport 297.26 34.75
28 Sachs Harbor 268.04 12.74
29 Normn Wells 276.32 19.21
30 Fort Simpson 286.19 21.97
31 Inuvik 264.86 17.34
32 Fort MAkon 253.82 20.83
33 Fort ftIth 298.88 22.58
34 College 252.90 23.08
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Plate Captions

Plate 1. Imaging sequence of 12 consecutive frames displaying global auroral

activity at ultraviolet wavelengths in the interval 0719 - 0945 UT

on 8 November 1981. Onset of a substorm occurs at - 0719 UT

(first frame), with maximum epoch at - 0850 UT (eighth frame).

The geocorona is visible in the scattererd light of solar Lyman-a

radiation sunward of the dayside limb, at upper left in each

frame. Antisunward of the terminator the entire auroral region is

detected in the light of 01 at 130.4 and 135.6 na.

Plate 2. Smoothed Pedersen conductivity distribution for maximum epoch in the

substorm overlayed on the image used to deduce the conductivity

distribution. The maximum conductivity of - 32 mhos is located at

- 630 latitude and - 0100 hours local time. The increment in

conductivity between contours is 4 mhos. For the false-color image,

light blue denotes emission intensities of - 2 kR, with greater

intensities coded by green, yellow, red and white (> 32 kR). An

eccentric-dipole-latitude, magnetic-local-time coordinate system is

used. Concentric circles denote latitudes of 80, 70, 60* and 50.

Plate 3. Modeled ionospheric current distribution at maximum epoch in the

substorm overlayed on the image used to deduce the conductivity

distribution (Plate 2). Peak ionospheric currents are - 1 A/m.

Plate 4. A continuation of Plate 3 for the modeled field-aligned current

distribution. Solid lines denote contours for currents directed

towards the ionosphere. Dashed lines denote contours for outward

currents.
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Figure Captions

Figure 1. Four ground and spacecraft investigations for studies of magneto-

spheric current systems. The three correlative investigations for

observations at ground level and at near-earth distances are the

subject of this work.

Figure 2. The spatial distribution of ground magnetometer stations at 0610 UT

in an eccentric-dipole-latitude, magnetic-local-time format. The

trajectory of DE 2 in the interval 0600 - 0620 UT on 7 November

1981 is mapped along the geomagnetic field to an altitude of 100 km.

Figure 3. Simultaneous observations of aurora and magnetic perturbations

within the interval 0603:50 - 0607:10 UT on 7 November 1981 at

- 0800 hours local time. Magnetic perturbations observed with the

DE-2 spacecraft and the inferred field-aligned current densities

are displayed in the upper and second panels, respectively. Model

field-aligned currents deduced from magnetic perturbations observed

at ground level are displayed in the third panel. The intensities

of auroral 01 emissions at 130.4 and 135.6 nm are presented in the

lower panel.

Figure 4. A continuation of Figure 3 for the interval 0614:50 - 0619:10 UT at

1800 hours local time.



24



25

Plate 2



26

Plate 3
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Plate 4
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